Objective: We investigated whether experienced food insecurity was associated with weight control behaviour of adolescents. Design: A national survey of 16-year-old students with the six-item food security scale, questions concerning intentions of trying to change weight, physical activity patterns, and measurement of height and weight. Setting: Representative sample of 29 schools in Trinidad, West Indies. Subjects: Data analysed for 1903 subjects including 1484 who were food-secure and 419 who were food-insecure. Results: In the whole sample, food security status did not vary by body mass index (BMI) category. 'Trying to gain weight' and 'spending most free time in activities involving little physical effort' were each associated with lower BMI. 'Trying to gain weight' was more frequent in food-insecure subjects (135, 32%) than in food-secure subjects (369, 25%, P ¼ 0.012). After adjustment for BMI, age, sex, ethnicity and socioeconomic variables, the adjusted odds ratio (OR) of 'trying to gain weight' for food-insecure subjects was 1.39 (95% confidence interval (CI) 1.07-1.82, P ¼ 0.014). Food-insecure subjects (197, 47%) were more likely than food-secure subjects (575, 39%) to report that most of their free time was spent doing things that involved little physical effort (P ¼ 0.003). This association was not explained by adjustment for BMI, age, sex and ethnicity (OR ¼ 1.41, 95% CI 1.13-1.76, P ¼ 0.002) or additional socioeconomic variables (OR ¼ 1.27, 95% CI 1.02 -1.57, P ¼ 0.033). Conclusions: Adolescents who experience food insecurity are more likely to intend to gain weight but engage in less physical activity than food-secure subjects with the same BMI.
Food insecurity has been defined as the 'limited or uncertain availability of nutritionally adequate and safe foods, or limited or uncertain ability to acquire acceptable foods in socially acceptable ways' 1 . Experienced food insecurity is usually assessed through a standard questionnaire measure developed in the USA 2 . In the US Current Population Survey, some 12% of all households, and between 36% and 42% of low-income households, were classified as food-insecure 1 . Surveys in London, England 3 and Trinidad, West Indies 4 have shown that food insecurity may be similarly or more frequent in some groups.
Research has suggested a possible association between food insufficiency or food insecurity and overweight which is best documented in adult women 5 -7 . The association between food insecurity and overweight is generally observed in the context of moderate food insecurity, as more severe food insecurity may be associated with lower body mass index (BMI) 4 . Several hypotheses have been advanced to explain why food insecurity might be associated with increased body weight 8 . First, food insecurity might lead to selection of obesity-promoting types of foods; second, food insecurity might lead to overeating when food is available; and third, food insecurity might lead to metabolic changes that result in more efficient utilisation of food. In support of the first of these hypotheses, several studies have shown that foodinsecure subjects may have diets which are considered less 'healthy', with lower intakes of fruit and vegetables and possibly higher intakes of energy-dense foods 4, 9, 10 . These patterns of food consumption might be explained by the food-insecure subjects' need to select low-cost foods 11 and by the differential availability of foods to low-income groups 9 . Connell et al. 12 recently described the use of the US food security measure in older children and showed that it could be used successfully in this age group with minimal adaptation. Previously we evaluated the reliability and validity of the six-item version of the food security measure for use in adolescents, based on data from a sample in Trinidad, West Indies. We showed that item responses gave a satisfactory fit to the Rasch model 10 . Few studies have investigated possible associations between food insufficiency or food insecurity and body weight in adolescents. Alaimo et al. 8 evaluated whether food insufficiency was associated with overweight in children but found little evidence for an association except perhaps in older non-Hispanic white girls 8 . If food insecurity is associated with the development of overweight, this association may be particularly relevant in adolescence when some health-related behaviours become established and problems of overweight and obesity may begin. The present report therefore extends our previous investigation of food insecurity in adolescents 10 . We investigated whether experiences of food insecurity in adolescence are associated with either BMI or differences in behaviour in relation to body weight control. The study aimed to determine whether experienced food insecurity is associated with adolescents' perceptions of appropriate body weight, their intention to gain or lose weight, and their overall pattern of physical activity during leisure time.
Methods

Sample
A sample was drawn of children in Trinidad who had their 16th birthday during the school year 10 . The sampling frame was a list of all 101 secondary schools in Trinidad. Schools were selected with probability proportional to size after stratifying by seven geographical administrative areas. Within schools, approximately 100 individual subjects were randomly selected from the school roll. The study received research ethics committee approval and was approved by the Ministries of Health and Education in Trinidad and Tobago. Subjects gave written informed consent to participate.
There were 30 schools sampled but one dropped out, leaving 29 schools with 3067 eligible students sampled for the survey. After excluding absent and refusing students there were 1973 (64%) subjects with questionnaires and measurement forms returned. A further 70 subjects were excluded because of missing values for one or more of the six food security items. There were then 1903 (62%) subjects available for analysis. There were four 'not known' responses to the weight perception question, three to the weight intention question and five to the physical activity question, and these were omitted. Six subjects had missing values for BMI.
Data collection
The questionnaire was self-completed by students in the classroom and fieldworkers answered any questions from the students. The questionnaire included the short-form, six-item household food security questionnaire as described by Blumberg et al. 13 . The performance of the measure in this adolescent sample has been reported 10 . Subjects were asked to complete two questions concerning their weight. The first concerned weight perceptions: 'Given your age and height, would you say that you are about the right weight, too heavy, too light, not sure?' The second question concerned weight intentions: 'At the present time, are you trying to lose weight, trying to gain weight or are you not trying to change your weight?' A question was included concerning leisure-time physical activity: 'Which one of the following statements describes you best?' Responses were: (1) 'All or most of my free time is spent doing things that involve little physical effort (e.g. watching TV, doing homework, talking to friends)'; (2) 'I occasionally (once or twice a week) do things in my free time that involve some physical effort (e.g. play sport, do running/jogging, cycling, aerobics or dancing)'; (3) 'I quite often (4 -6 times a week) do things in my free time that involve some physical effort'; and (4) 'I very often (7 or more times per week) do things in my free time that involve some physical effort'. The questions concerning weight perceptions, weight intentions and physical activity were the same as those used in the Health Survey for England 14 . Measurements were made including height and weight following similar procedures to the Health Survey for England 15 . Subjects were measured in light clothing without shoes. Weight was measured using electronic digital scales (Soehnle) to the nearest 0.1 kg. Height was measured using a portable stadiometer (Seca 'Leicester') to the nearest 0.1 cm below on the scale.
Analysis
The proportions of subjects who were overweight or obese were calculated using the proposed international standards 16 as well as the cut-off points of 25 and 30 kg m 22 . Prevalence estimates are presented separately for the category of overweight or obese, referred to as 'overweight', and the category of 'obese'. BMI Z-scores were calculated from US BMI centiles 17 using the Epi-Info package. Results were tabulated by BMI Z-score category. Odds ratios were estimated using a logistic regression model for multi-category data which was fitted using the MLOGIT command in Stata version 8 18 using robust variance estimates to adjust for clustering by school. For analysis of the weight perception question, categories for 'about the right weight' and 'not sure' were combined and used for reference. For analysis of the weight intention question, the category of 'not trying to change weight' was used for reference. In order to make data presentation concerning physical activity more succinct, positive responses to the first option concerning 'little physical effort' were contrasted with all others in a logistic model. Initial analyses were adjusted for age (continuous variable), sex, ethnic group and BMI Z-score. Ethnicity was self-reported with categories reduced for analysis to 'African Caribbean', 'Indo-Caribbean', 'mixed' and 'other and not known'. In order to evaluate whether associations of food insecurity were independent of socio-economic position, analyses were additionally adjusted for type of drinking water supply in the home (piped in house, piped in yard, no piped supply), overcrowding quartile, number of parents in the home (both parents, father only, mother with male head of household, mother only, neither parent), paternal employment status (employed, unemployed, not known) and paternal education (none, primary, secondary, technical, university, not known), as in our previous report 10 .
Results
Based the international standard cut-off points for BMI, there were 135 (16.8%) boys and 177 (16.1%) girls who were overweight or obese and 55 (6.9%) boys and 72 (6.5%) girls who were obese. There were 13.7% of subjects who were overweight or obese using the BMI cut-off point of 25 kg m 22 and 5.9% using the cut-off point of 30 kg m 22 . Table 1 shows the distribution of responses to the weight perception and weight intention questions according to gender and BMI Z-score category. Both in boys and girls, perceptions of being 'too heavy' and intentions of 'trying to lose weight' increased with increasing BMI. At a given level of BMI, girls were more likely than boys to consider that they were too heavy and to be trying to lose weight. Perceptions of being 'too light' and 'trying to gain weight' were associated with lower BMI and decreased as BMI increased. Reporting that most free time was spent doing things that involved little physical activity was associated with lower BMI.
Food insecurity status was not associated with BMI category and tended to be most frequent at intermediate BMI ( Table 1 ). The same finding was obtained with a more extended categorisation of BMI. In each category of BMI, subjects who experienced food insecurity were more often 'trying to gain weight' ( Table 2 ). This association was not explained by adjusting for age, sex, ethnic group and socio-economic variables. The association was similar in boys and girls. Food insecurity was also associated with engaging in activities involving little physical effort ( Table 2 ). This association was only slightly attenuated in the fully adjusted model. The association was slightly stronger in boys than girls. Food security status was not associated with subjects' weight perceptions or with intention to lose weight.
Discussion
Main findings and comparison with other studies
Comparison of the frequency of overweight and obesity between populations is difficult because of underlying systematic differences in height and weight-for-height between populations. International standards for overweight and obesity in children are recognised to be less applicable in populations of African or Indian subcontinent descent 16 . However, the overall frequency of overweight and obesity appeared to be lower in Trinidad and Tobago than in England, where 24% of boys and 20% of girls were overweight or obese in 1997 19 . The prevalence of food insecurity in this sample was similar to the estimate of 25% from a household survey of adults in a more limited geographical area of Trinidad 4 , but higher than the overall prevalence of 12% estimated for the US population in the Current Population Survey 1 . In adolescence, weight control practices are strongly associated with BMI 14 . Girls are more likely to report trying to lose weight but are less physically active than boys. After allowing for gender and BMI, we found that subjects who are food-insecure are more likely to be trying to gain weight and are less physically active than their food-secure counterparts. Weight control practices are associated with socio-economic position with higher socio-economic groups generally regulating against body weight gain more closely than lower socioeconomic groups 20 . Food insecurity is associated with lower socio-economic position 3, 4, 9 . However, the associations we describe are robust to adjustment for measures of socio-economic position which may be associated with food insecurity or weight regulation. The frequency of food insecurity varies by ethnic group 4 as does mean BMI 21 , but the associations described are also robust to adjustment for ethnicity and BMI. While the findings might provide indirect support to the hypothesis that food insecurity may lead to changes in body weight 5, 8 , it was clear that there was no overall cross-sectional association between food insecurity and BMI in the present data. This raises questions concerning whether the self-reported variables are associated with changes in dietary intakes and energy expenditures that might contribute to weight changes, and whether sustained experience of food insecurity in this age group may lead to changes in body weight.
Limitations of the study Our study was based on a representative sample of schools and gave a large sample for analysis. The response rate of 62% was comparable to that of other surveys. For example, in the Health Survey for England, 67% of subjects had their weight measured 14 . We used the short form of a well-described household food security measure 13 which has been shown to be valid for use in Trinidad and Tobago 10, 22 . The food security items were designed to assess household food security. It has been shown that young children are generally protected from the consequences of household food insecurity until this is severe 23 . However, the qualitative data of Connell et al.
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, as well as our quantitative analyses 10 , show that older children are able to rate concerns of household food security. However, it may not always be the case that all individuals in food-insecure households experience the same consequences from food insecurity. The questions concerning weight perceptions, weight intentions and physical activity were the same as those used in the Health Survey for England 14 with responses generally showing a similar distribution to those obtained for the English population. However, in Trinidad a higher proportion of girls responded that they were 'too light' and a higher proportion reported that they were trying to gain weight compared with English girls.
Conclusions
Experienced food insecurity may be associated with intention to gain weight and with low levels of leisure-time physical activity. These findings require confirmation in different settings and in different age groups. The observations raise a number of questions for future research. First, what are the cross-sectional associations between weight change intentions, or self-reported physical activity levels, with habitual energy intake and energy expenditure among adolescents? Second, if the experience of food insecurity and associated change in behaviour is sustained, is this associated with changes in 
